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pairs of DNA bases (3 x 109 per haploid set of chromosomes) and each
chromosome includes a single supercoiled molecule of DNA associated with
chromosomal proteins. The organization of this material can be visualized
microscopically only to a limited degree. With contemporary cytogenetic
techniques, fixed chromosomal metaphase spreads reveal 500 or so bands,
although refined techniques can reveal about 2,000 bands per haploid set
of chromosomes. The total number of genes is unknown but has been
estimated to be in the range of 50,000 to 100,000 per haploid set of
chromosomes. This genetic material comprises approximately 3,000-4,000
units of recombination (centimorgans). Thus, a visible chromosomal band
at a resolution of 500 bands per haploid set, may include 6 x 103 kilobase
pairs (kb) of DNA, 100-200 genes, and 6-8 centimorgans of recombining
genome. The range in gene size is extreme, with some of the order
of magnitude of 10 kb, the retinoblastoma gene about 200 kb, and the
muscular dystrophy gene almost 2000 kb of DNA The parts of genes
translated into proteins constitute a minority of total DNA, with many
proteins being coded for one kb or so of DNA Some of the untranslated
DNA is important in the regulation of gene expression, while much DNA
seems to be extragenic and of unknown function.

Not only does the genome recombine in each generation but it can
also undergo mutation, a term applied here to denote all changes in
chromosomes, their genes, and their DNA. Thus, alterations in chromosome
number and structure are included, as are changes that are not visible
microscopically. These latter, submicroscopic changes include deletions,
rearrangements, breaks in the sugar-phosphate backbone, errors in DNA
replication, and base alterations. Most mutations occur during cellular
replication. Mutation occurs in both germ cells and somatic cells, although
it is much less apparent in somatic cells unless the mutation occurs during
tissue proliferation, as happens with some congenital defects and with
cancer. On the other hand, many mutations in the germ line are lethal
during embryonic development. Thus, the same mutation might be more
common in somatic cells than in germ cells because of the lack of tissue-
specific selection against it.

Chromosomal Abnormalities

Three classes of chromosomal abnormalities are known to occur in
both germ cells and somatic cells. The best known changes in the germ
line are those that affect chromosomal number. Thus, Down syndrome
is the result of a mutation in which a parental (usually maternal) germ
cell acquires two copies of chromosome 21 as a result of chromosomal
nondisjunction during gametogenesis. Fertilization by a normal sperm
then yields a zygote with 47 chromosomes. Such trisomy is common at